1 Introduction 60 The concept of metamorphic core complex (MCC) was defined, from the study 61 of Tertiary Cordilleran extensional tectonics, as a group of generally domal or archlike, 62 isolated uplifts of anomalously deformed, metamorphic and plutonic rocks overlain 63 by a tectonically detached and distended unmetamorphosed cover. (Davis  Coney, 64 1979; Coney, 1980) . MCC's were identified subsequently in many Phanerozoic 65 orogenic belts (e.g., Zheng et al., 1990; Vandenberg  Lister, 1996; Song, 1996; 66 Darby et al., 2004; Liu et al., 2005; Cooper et al., 2010; Cao et al., 2013; Ni et al., 67 2013; Whitney et al., 2013) , and early Precambrian terrains (e.g., Fu, 1992; Neumayr, 68 1998). It is generally accepted that a typical MCC contains three basic structural 69 elements (Davis et al., 2002) : (1) a master detachment fault zone with gentle dip and 70 large displacement; (2) a lower plate of high grade gneisses intruded by syn-kinematic 71 granitic plutons; and (3) faulted, but non-metamorphosed, supracrustal rocks and 72 supradetachment basins in the upper plate. As the most prominent structural feature of 73 MCC's, the detachment fault zone usually consists of a discontinuous brittle fault 74 surface, underlain by a cataclasite zone, and mylonitic rocks. The latter are several 75 hundred to several thousand meters thick and transit downward into the major 76 metamorphic lower plate (Lister  Davis, 1989; Platt et al., 2014) . 77 Although it is generally accepted that MCC's result from regional tectonic 78 extension, the mechanisms of exhumation of the lower plates have been the focus of 79 controversy over the last decades. A popularly cited model by Lister  Davis (1989) 80 ESSOAr | https:/doi.org/10.1002/essoar.10501998.1 | CC_BY_NC_ND_4.0 | First posted online: Wed, 22 Jan 2020 17:13:55 | This content has not been peer reviewed.
consists of multi-generations of decollement. In their model, an initially 81 sub-horizontal ductile shear zone at depth, decouples the middle to lower crust 82 beneath a steeply-dipping array of normal faults in the upper plate. Low-angle normal 83 faults are spawned from the zone, and the geometry of upper plate extension becomes 84 increasingly complex. The lower plate bows upward with multiple detachment faults 85 splaying from the developing domal culmination, as the result of unloading and 86 isostatic effects of granite intrusion. The widely-accepted "rolling-hinge" model refers 87 to the progressive flexural-isostatic shallowing of an initially steep fault during 88 unloading of the footwall (e.g., Spencer, 1984; Buck, 1988; Wernicke  Axen, 1988) . 89 This model involves progressive back-tilting during exhumation of an originally 90 moderate to steeply dipping fault that back-warps the footwall into an abandoned, 91 domal structure while the fault remains active at depth (Mizera et al., 2019) . 92 Exhumation of MCC's may have close genetic relationships with regional 93 doming in orogenic belt that sometimes MCC's are considered as a type of dome 94 structure. Even some typical gneiss domes were redefined as MCC's (Platt et al., (Whitney et al., 2013) . The Shuswap Complex in the hinterland of the Canadian 100 Cordillera, for example, includes several domiform bodies cored by magmatic 101 gneisses and granites, with foliations in the core gently dipping in association with 102 normal faults. The normal faults showed features of detachment faults with estimated 103 displacements greater than 30 km (Parrish et al., 1988) . However, subsequent studies 104 have shown that the temperatures of deformation of granitic gneisses and migmatites 105 in the core reaches up to 750-800 °C (Norlander et al., 2002) . The melts were shown 106 to be the result of metamorphic origin due to isothermal decompression and partial 107 melting (Norlander et al., 2002) , crystallized at 50-60 Ma, and afterwards rapidly 108 cooled at 56-48 Ma (Kruckenberg et al., 2008; Vanderhaeghe et al., 2003) . It is 109 suggested that during the isothermal decompression and crustal thinning, rapid 110 delamination of crustal material resulted in a transition from gneiss dome formation to 111 MCC exhumation (Teyssier  Whitney, 2002) . It is therefore plausible that diapiric 112 emplacement of hot lower crustal masses occurred in an early stage of exhumation. (1994) first proposed that the southern Liaoning region is an MCC structure formed 139 under extension, which is subsequently studied in detail as a Triassic MCC by Yang et 140 al. (1996) . Liu et al. (2005) suggested that the Liaonan MCC is a typical Cordilleran 141 type MCC that has one arc-traced detachment fault zone comprised by the JDFZ on 142 ESSOAr | https:/doi.org/10.1002/essoar.10501998.1 | CC_BY_NC_ND_4.0 | First posted online: Wed, 22 Jan 2020 17:13:55 | This content has not been peer reviewed. the western part (NW dip) and the DSZ on the southern part (SE dip). In their model, 143 the JDFZ and DSZ form one single detachment fault zone. The exhumation of the 144 MCC was attributed to early Cretaceous regional tectonic extension, which was later 145 constrained between 121Ma and 113Ma by Yang et al. (2007 Yang et al. ( , 2008 applying 146 40 Ar/ 39 Ar thermochronology studies of ductily sheared rocks along the JDFZ. 147 The Liaonan MCC consists of three major elements, i.e., a master detachment fault 148 zone, an upper plate and a lower plate (Figure 2a ). The lower plate contains the TTG 149 igneous suite and supracrustal rocks of amphibolite facies that are dated as Archean 150 protoliths (Liu et al., 2006) The JDFZ is the western branch of the Liaonan MCC. The most significant 187 feature of the JDFZ is the occurrence of a thick sequence of fault-related rocks that 188 record the detachment faulting at different crustal levels (Liu et al., 2005 (Liu et al., , 2013 (Liu et al., , 2016 189 Ji et al., 2015) . From a typical cross-section across the JDFZ (Figure 2c greenschist facies, which imply that the lower plate rocks experienced exhumation 203 from the middle-lower crust (Liu et al., 2005 (Liu et al., , 2013 (Liu et al., , 2016 Shen; 2010; Charles et al., 204 2012; Ji et al., 2015) . 205 The mylonites where the sample SL18050 was taken along the JDFZ (Figure 2a Neoproterozoic meta-sedimentary rocks (Figure 2d ). The two Units are separated by a 241 tectonic discontinuity contact (TDC, Chen et al., 2016) . Rocks from both units have 242 significant metamorphic differences, but they have consistent structural elements 243 (lineations, foliations and kinematics). precision of the measurements is ±0.1 °C for temperatures lower than 30 °C; and 307 ±1 °C for temperatures higher than 30 °C. Salinities, densities and temperatures of 308 inclusions were calculated using the ice points (Bodnar, 1983; Bischoff, 1991) . 309 Densities of the inclusions were calculated using the Flincor procedure (Brown, 1989) . 310 The temperatures were calibrated using the P-T diagram proposed by Lu et al. (1990) . 311 In the experiment, the primary inclusions were selected to calculate the temperatures, 312 while the secondary inclusions were strictly removed. in the quartz vein. One is two-phase inclusions of gas and liquid, which account for 431 more than 90% of the inclusions. They are isolated or distributed in small groups 432 (Figure 7a-d) . The other is three-phase inclusions containing CO 2 , with a distinct 433 "double eyelid structure". They are only developed in syn-tectonic quartz veins from 434 lower structural level (Sample SL17048; Figure 7e and 7f). (1991) , that the corresponding density is plotted ( semi-cone-shaped. The grainsizes are 90-220 μm with long-short axis ratio of 1:1-3:1 530 (Figure 10c and 10e (Figure 10c and 10d ). Liu et al., 2005 Liu et al., , 2011 Liu et al., , 2013 Yang et al., 2007) . Detachment faulting could be the 718 primary mechanism of the final unroofing and the juxtaposition of formerly deep 719 rocks and upper crustal rocks. In this case, a lower to middle crustal mylonitic zone, 720 instead of a mylonitic front, occurs at the DSZ. 
